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• LHCb: a general purpose detector instrumented within
Recorded/Potential luminosity:
 - (2011): 1.1
 - (2012): 2.1
 - (2015-2017): ~5
 - (2020-2030): ~50

Introduction
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Motivations - Charge asymmetry at NLO
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• Illustrative contributions to            (NLO) with real and virtual cuts

• quark in initial state

• quark initiated processes less 
diluted by gg-fusion at high rapidity

• (cross section falls with rapidity)
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What asymmetry to measure?
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Single particle asymmetry

Ac =
N(�|y| > 0)�N(�|y| < 0)

N(�|y| > 0) +N(�|y| < 0)
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Single particle asymmetry
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LHCb event yield
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• Partially reconstruct ttbar

• At least 1 leptonic W decay

• Use (b)-jets to suppress background

Objects: R = 0.5, anti-kt jets, truth matched b-jet

Cuts: b-jet pT > 60 GeV , lepton pT > 20 GeV

All simulation POWHEG(NLO) matched to Pythia8 parton shower
Errors: scale variation, central PDF sets, shower effects

t

W+

b

|Vtb| ≈ 1

datasets at higher centre of mass energies. The dilepton channel is interesting as it is the
best way of probing a pair of top quarks in one event and would allow a measurement
of Ac. In this case, the minimum pT requirements in the dilepton channel are 7, 10 GeV
for electrons and muons respectively. The looser cuts in this channel reflect that the
QCD background for producing opposite flavour, charged leptons is small. The electron
cut is looser than that of the muon as calorimetry resolution for electrons is generally
poorer. Requiring the presence a soft b-jet (pT > 20 GeV) can greatly reduce electro-
weak backgrounds.

2.1 Production cross section

The tt̄ signal is simulated using POWHEG [10–13], including 7-point scale variation for
CT10wnlo [14], MSTW2008nlo68cl [15], NNPDF22 [16] central PDF sets, and then
matched to Pythia8 [17]. The 7-point scale variation of factorisation (µF ) and renor-
malisation (µR) takes the reference points obtained by varying independently µF and µR

such that,
1

2
<

µF ·mt

µR ·mt
< 2. (9)

This is an approximate method of evaluating the potential uncertainty arising from ne-
glected higher-order corrections. The resulting tt cross sections in the pseudorapidity
range 2 < η < 4.5 relevant to LHCb are summarised in Table 1. The total uncertainty of
≈ 20% corresponds to ≈ 14% (scale) +8% (PDF) +10% (shower, tagging). The majority
of the PDF uncertainty reflects the difference in predictions of the gluon PDF at high x
for the different sampled central PDF sets. The shower and tagging uncertainty arises
from re-seeding the showering process whilst varying colour reconnection parameters and
the shower scale, as well as an effect coming from smearing in the full decay. The higher
multiplicity and dilepton channels have no considerable event yield until

√
s = 14 TeV

centre of mass energies.

dσ(fb) 7 TeV 8 TeV 14 TeV
lb 285 ± 52 504 ± 94 4366 ± 663
lbj 97 ± 21 198 ± 35 2335 ± 323
lbb 32 ± 6 65 ± 12 870 ± 116
lbbj 10 ± 2 26 ± 4 487 ± 76
l+l− 44 ± 9 79 ± 15 635 ± 109
l+l−b 19 ± 4 39 ± 8 417 ± 79

Table 1: Summary of tt̄ differential cross section channels within the LHCb acceptance (2
< η < 4.5) for

√
s = 7, 8, 14 TeV LHC centre of mass energies. The quoted uncertainty

accounts for variation of scale, PDF and the shower modelling uncertainty, as described
in the text.

4

*13 TeV

Z
Ldt(fb�1) 1 2 5*+50
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Asymmetry expectations

8

 (TeV)s
7 8 9 10 11 12 13 14

A 
(%

)

0

0.5

1

1.5

2

2.5

3

3.5

4

tA

, b > 20, 60GeVµ 
T

p, lbA

cA

 2-4.5)D d asymmetries (tInclusive LHCb t

A few comments on asymmetries/errors,

• Asymmetries decrease with increasing energy (gluon dilution)

•               , cuts applied to reconstructed top remove gluon dilution

• Errors are total envelope of scale + central PDF set (next slide)

Ax =

(
Nx −N x̄

Nx +N x̄

)

η∈2−4.5

, (12)

98

where Nx(x̄) represents the event being studied (e.g. a parton level top quark or99

a reconstructed top in the lepton+jets channel). The fixed order result for the single100

particle asymmetry of the parton level top quark (At) and the reconstructed top quark101

(Alb - µ, b pT >20, 60 GeV) after showering are compared to the parton level charge102

asymmetry Ac in the lab frame as defined in Eq. 6. The results are presented in Table 2103

as well as Fig. 3.104

Channel 7TeV 8TeV 14TeV

At(%) 0.69+0.12
−0.11 0.55+0.1

−0.09 0.27+0.13
−0.12

Alb(%) 2.23+0.43
−0.68 0.97+0.74

−0.45 0.54+0.39
−0.31

Ac(%) 1.75+0.67
−0.47 1.64+0.58

−0.67 1.08+0.27
−0.32

Table 2: Fixed order parton level and showered lepton asymmetries (POWHEG→Pythia8).
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Figure 3: Summary of fixed order parton level and showered lepton asymmetries
(POWHEG→Pythia8).

The uncertainty on At is from 7-point scale variation for the sampled central PDF105

sets as previously mentioned. The larger uncertainty on the Alb final state asymmetry is106

due to a combination of; b-jet generator matching/jet clustering, smearing in the decay to107

leptons as well as scale and PDF uncertainty. Alb is also larger than At as the cuts applied108

to the lepton and b-jet tend to select harder events which suffer from less symmetric gg109

5

Alb =
N l+b �N l�b

N l+b +N l�b

Alb > At



RG, Snowmass on the Mississippi 2013, 03/08/2013

Comment on PDF errors
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• Have plotted central gluon PDF w.r.t MSTW08nlo68cl

• However, in LHCb acceptance largest cross section from CT10 

• Probing higher-x of proton 1 (travelling in LHCb direction)

• Translates into dilution on charge asymmetry prediction

�(tt̄ ) @14 TeV PDF(NLO)

865 CT10

918 MSTW08

930 NNPDF2.2
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Including Signal/Background
• Study the high statistics lb-jet channel for asymmetry

• muons; trigger efficiency ~75%, id/tracking ~ 95% (from data [1])

• b-tagging; mis-tag 1%, efficiency 70% (estimates from MC)

• for jet reconstruction: LHCb-CONF-2012-016 Zjets@ 7TeV

• b-jet reconstruction: LHCb-CONF-2013-001 b bbar Ac@ 7TeV

10

[1] - arXiv:1204.1620, DOI:10.1007/JHEP06(2012)
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lepton distributions 7 and 8 TeV

11

7 TeV

8 TeV

-µd
2 2.5 3 3.5 4

)d
 (f

b 
/ 0

.2
-
µd

/d
md

0
2
4
6
8
10
12
14
16
18

ttbar
ttbar error
ST, tch 5f
Wjets
Wbjets
Zjets
Zbjets

LHCb simulation
 = 7 TeVs

+µd
2 2.5 3 3.5 4

)d
 (f

b 
/ 0

.2
+
µd

/d
md

0
2
4
6
8
10
12
14
16
18

ttbar
ttbar error
ST, tch 5f
Wjets
Wbjets
Zjets
Zbjets

LHCb simulation
 = 7 TeVs

+µd
2 2.5 3 3.5 4

)d
 (f

b 
/ 0

.2
+
µd

/d
md

0

5

10

15

20

25

30
ttbar
ttbar error
ST, tch 5f
Wjets
Wbjets
Zjets
Zbjets

LHCb simulation
 = 8 TeVs

-µd
2 2.5 3 3.5 4

)d
 (f

b 
/ 0

.2
-
µd

/d
md

0

5

10

15

20

25

30
ttbar
ttbar error
ST, tch 5f
Wjets
Wbjets
Zjets
Zbjets

LHCb simulation
 = 8 TeVs



RG, Snowmass on the Mississippi 2013, 03/08/2013

Differential Alb asymmetry
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• Alb as a function of muon eta

• Highly asymmetric backgrounds from PDF

• Total: all backgrounds and signal (ttbar)

Alb =
N l+b �N l�b

N l+b +N l�b

sign change
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Sensitivity
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• Vary mis-tagging and efficiency of b-tagging (left plot)

• Alter ttbar asymmetry contribution to total (fixed normalization)

• Also include 4-flavour t-channel single top prediction

• At high eta (lowest stats) hard to reproduce positive asymmetry!
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Conclusions
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• Relative increase of ttbar/Wjets: factor of 2 as Ecm 7 -> 14 TeV
   - no large pile-up changes expected

• At Ecm 14TeV, Ac measurement possible in dilepton channel

• Large efforts to improve jet tagging and reconstruction at LHCb

• Differential measurement of 
Alb necessary

• More data required for 
statistical precision at high eta

~14TeV stat. error for 
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Backups - 8TeV mass plots
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Backups - published ttbar asymmetry results
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Backups - top distribution
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Backups - truth b-tag matching
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Backups - asymmetry source
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Backups - controlling shower effects
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Figure 7: Di↵erential cross-section for Z ! µµ as a function of yZ . The dark shaded
(orange) bands correspond to the statistical uncertainties, the light hatched (yellow) band
to the statistical and systematic uncertainties added in quadrature. Superimposed are
NNLO (NLO) predictions with di↵erent parametrisations for the PDF as points with
error bars; they are displaced horizontally for presentation.
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Figure 5: Distribution of muon p

T

for positively (left panel) and negatively (right panel)
charged muons in W candidate events, for the total fiducial cross-section (a). The plots
(b) to (f) give the same information for the di↵erent ⌘

µ bins. The data (points) are
compared to the fitted contributions from W

� and W

+ (light shaded). The background
contributions are, from top to bottom in the legend: decay-in-flight, Z ! µµ, ⌧ decays
of W and Z, and heavy flavour decays.
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Example of W reconstruction with muons at LHCb
[1]- arXiv:1204.1620, DOI:10.1007/JHEP06(2012)


